The newly discovered 11 Hz accreting pulsar, IGR J17480-2446, located in the globular cluster Terzan 5, has shown several bursts with a recurrence time as short as few minutes. The source shows the shortest recurrence time ever observed from a neutron star. Here we present a study of the morphological, spectral and temporal properties of 107 of the bursts observed by the Rossi X-ray Timing Explorer. The recurrence time and the fluence of the bursts clearly anticorrelate with the increase of the persistent X-ray flux. The ratio between the energy generated by the accretion of mass and that liberated during bursts indicate that Helium is ignited in a Hydrogen rich layer. Therefore we conclude that all the bursts shown by IGR J17480-2446 are Type-I X-Ray bursts.
INTRODUCTION
Type-I X-ray bursts result from unstable thermonuclear ignition of accreted material on the surface of weakly magnetized neutron stars (see Lewin et al. 1983 , Strohmayer & Bildsten 2006 , Galloway et al. 2008 , and references therein for reviews on the subject). This material is accreted through Roche-lobe overflow from a lower-mass companion star (low-mass X-ray binary, LMXB). In systems exhibiting bursts, the temperature and pressure at the base of the accreted layer slowly increase until the nuclear energy generation rate becomes more sensitive to temperature perturbations than to radiative cooling. At this point the resulting thermonuclear instability leads to runaway burning of the matter that has been deposited since the previous burst. During the flash, over 90% of the accreted hydrogen and helium is expected to burn into carbon and ⋆ E-mail: sara.motta@brera.inaf.it heavier elements (Woosley et al. 2004) . For the next flash to occur, a fresh layer of hydrogen/helium must first be accreted.
X-ray bursts are observed in about half of the total population of LMXBs in the Galaxy, but only 15 sources from this sample show coherent pulsations at, or within a few Hz from, the spin frequency of the NS during the burst emission. To date, only five LMXBs show coherent pulsations both during the burst and the persistent X-ray emission (SAX J1808.4-3658, XTE J1814-338, HETE J1900.1-2455 and IGR J17511-3057, and the peculiar case of Aql X-1 that showed coherent pulsations with an extremely low duty cycle, see Altamirano et al. 2010a and references therein). The spin frequency in these sources is between 245 Hz and 550 Hz.
Notwithstanding the great amount of observational facts collected in the last years, we still lack a clear understanding of the physical mechanism responsible for the onset of the burst oscillations. It would be important to understand why only ∼20% of the bursting X-ray sources show pulsations and why a drift of the or- For each observation we plot the 1s-resolution light curve from the beginning of the RXTE pointing. We show the first 3ks for each observation. From top panel: Obs. 95437-01-01-00, 95437-01-02-01, 95437-01-04-01. Arrows in the second and third panels from top mark the position of the bursts. Note that in Obs. 95437-01-01-00 a clear eclipse due to the moon occultation is visible (see . The recurrence time between bursts is clearly different between the second and third observation (see text).
der of a few Hz of the burst oscillation frequency is often observed during some type-I bursts (Muno et al. 2002) , while in accreting millisecond pulsars this drift is less evident (e.g. Altamirano et al. 2010 and references therein).
The recent discovery of an 11 Hz accreting X-ray pulsar in the Globular cluster Terzan 5 showing also burst oscillations at the same frequency can greatly help to shed light on these questions, definitely ruling out the need for high NS spin frequency as a necessary ingredient both for the onset of X-ray burst and the burst oscillations.
Furthermore, since the burst peak flux from IGR J17480-2446 is exceptionally low, compared to the values observed in other bursting sources, this source offers an excellent opportunity to study the effect of a hot NS contribution to the burst emission that arises when the burst luminosity is low compared to the persistent emission and in particular to the blackbody component (see ).
OBSERVATIONS AND DATA ANALYSIS
INTEGRAL detected a transient source in the Globular Cluster Terzan 5 on 2010 October 10.365 (Bordas et al. 2010) , tentatively attributed to the known LMXB transient EXO 1745-248. However, follow-up Swift observations refined the source position, excluding the association with EXO 1745-248; the new source was therefore dubbed as IGR J17480-2446. A Chandra observations confirmed the position of the source (see Pooley et al. 2010 ) and its non-association with EXO 1745-248. The distance to Terzan 5 has been estimated as 5.9±0.5 kpc (Lanzoni et al. 2010) , which is the value we consider in the following.
Subsequent Rossi X-ray Timing Explorer (RXTE in the following) observations of IGR J17480-2446 showed coherent pulsations at 11 Hz and the presence of bursts and burst oscillations (Altamirano & Watts 2010 . Timing analysis of the pulse period revealed how the system has an orbital period of 21.327 hr and a companion star mass between 0.4 and 1 M⊙ (Papitto et al. 2011 .
In this work, we focus on the X-ray bursts observed in the rising phase of the outburst of IGR J17480-2446 with RXTE. We consider observations from 13th to 17th October (MJD 55482 to 55486, Obs. ID from 95437-01-01-00 to 95437-01-04-01).
Outburst light curve, persistent emission and burst analysis
IGR J17480-2446 was observed daily by RXTE starting from MJD 55482.01 (Obs.ID from 95437-01-01-00, October 13th 2010), three days after its discovery with INTEGRAL. A sample of the light curves observed with RXTE is shown in Fig. 1 . The count rate observed by the PCU2 of the Proportional Counter Array (PCA) during the persistent emission 1 rises from ∼ 250 (October 13.0) to ∼ 1300 c s −1 PCU −1 (October 16.7). To evaluate the X-ray persistent flux just prior each burst onset, we extracted spectra only the PCU2 of the PCA (3.5-25 keV) over a time interval of 32s before T peak . We modelled the spectrum with the sum of a blackbody and a Comptonized component, compps (Poutanen & Svensson 1996) , and computed unabsorbed erg cm −2 s −1 on October 13.0, up to a peak value of Fpers = 1.7(2) × 10 −8 erg cm −2 s −1 during the last observation considered here (October 16.7).
X-ray bursts appearing at regular intervals are detected in all the RXTE observations we consider (October 13th -16th). The recurrence time between consecutive bursts decreases from > ∼ 24 min to ≃ 5 min while the persistent flux increases (see Fig. 2 ). After October 17th, the bursts disappeared to appear again on October 18th. To analyze the morphological properties of the bursts observed during the rising part of the outburst, we consider background-subtracted light curves extracted from data taken in Event (122µs temporal resolution) and Good Xenon (1µs temporal resolution) packing mode. Binning the light curves in 0.125s intervals, we modelled the burst shape with a five-parameter model: persistent count rate, start time of the burst (Trise), peak time (T peak ), amplitude of the burst, exponential decay time of the burst (τ ). The model assumes a linear rise between Trise and T peak , and an exponential decay after the peak. The bursts show a typical rise time between few and ∼20s and an exponential decay time between ∼10 and ∼100s. As an example we show in the top panel of Fig. 1 the shape of the first and most energetic burst observed by RXTE and in the following panels the typical shapes of the subsequent fainter bursts.
To verify possible photospheric radius expansion episodes during the bursts, we extracted PCU2 spectra of the brightest burst, over time intervals 2 seconds long and modelled them with an absorbed blackbody. The best-fit values of blackbody temperature and radius are plotted in the middle and lower panel of Fig.3 , respectively. The apparent radius observed at infinity has a constant value of R ∞ app = (3.3 ± 0.5) d5.9 km, clearly indicating that no radius expansion takes place. The apparent radius has subsequently been converted into an effective radius taking into account the hardening factor and the effect of the gravitational redshift (see Sec. 3 for details). We also measured the mean apparent radii for selected bursts following the first brightest one (see Tab. 1). To do this we followed Sztajno et al. (1986) . For each selected burst we made a two-component fit to the combined persistent and burst emission, involving a black body component (associated to the NS emission) and a Comptonized component that represents the emission which is promptly radiated upon accretion of matter. We assumed that the latter component is not affected by the occurrence of a thermonuclear flash and we adopted the apparent blackbody radius associated to the other component as the mean radius of the region emitting the blackbody radiation during the Type-I X-Ray bursts. To better constrain the parameters of the persistent emission spectrum, we extracted the persistent emission spectrum immediately before the burst occurrence and we fitted it. Then we used this template model to fit the emission during the bursts, keeping the parameters of the comptonisation component and leaving the parameters of the blackbody component free to vary. The resulting measures (where the corrections adopted for the first burst have been applied) are listed in Tab. 1. To verify our results, we attempted to stack data from several faint bursts observed at higher accretion rates (MJD 55485) and applied the same procedure followed for the single bursts. Analyzing the profiles of the fainter bursts, both rise and decay times often resulted different from one burst to another. For this reason, we selected bursts with similar profiles (i.e. similar rise and decay times) and averaged their spectra in order to obtain the measure of the mean radius and temperature of the blackbody emitting region.
We obtained values consistent with the ones reported in Tab. 1.
The energetics of each burst has been evaluated extracting a PCU2 spectrum taken in a fast timing mode (Generic Event and Good Xenon) over a time range containing the whole burst and of a variable length depending on τ and on the variability of the persistent flux. We subtracted as background the spectrum of the persistent emission, extracted over an interval of 32 s before the onset of the burst (Trise). We modelled the resulting spectrum with an absorbed blackbody. The fluence estimates we obtain in the 0.1-100 keV band are listed in Table 2 . The first burst is the most energetic, showing a bolometric fluence of F burst = 3.15(6) × 10 −7 erg cm −2 . As the persistent flux of the source increases, bursts become more frequent and less energetic as ∼ 3.5d after the first observation they have fluences of the order of ∼ 1 × 10 −8 erg cm −2 (see Fig. 1 ). We have then evaluated the ratio of the integrated persistent flux to the burst fluence, α = Fperstrec/F burst for each burst for which the recurrence time could be unambiguously defined. Modelling the observed values with a constant α we obtain an average value of < α >= 96 ± 3, with a small variance of 1.32 over 89 points (see Fig. 4 ). As we discuss in the following such values are compatible with a thermonuclear origin of the bursts (see Table 1 . Mean temperature and radius of the blackbody component associated to the thermonuclear burst emission. The upper and lower limit to the radius are corrected for the hardening factor fc and for gravitational redshift contribution.
also Chakraborty & Bhattacharyya 2011) . To secure such an identification, we searched for evidence of spectral softening during the tails of the bursts, which could be interpreted as cooling of the burst emission. While there is an indication of such a cooling during the first and brightest burst (see middle panel of Fig. 3 ), a similar trend could not be observed for the subsequent, fainter bursts (see Galloway & Zand 2010 , Chakraborty & Bhattacharyya 2011 . We argue that this is not due to the absence of the softening, but to the intrinsic difficulty in disentangling the persistent and the burst emission when the tail of the burst is soon dominated by the persistent emission. Furthermore, as pointed out by Sztajno et al. (1986) and , the spectral analysis of X-ray bursts is systematically affected if the persistent emission contains a spectral component which originates from the outer layer of a hot NS, which also transfers an important energetic contribution to the burst emission. In this situation the net burst emission (i.e. excess above the persistent emission) is the difference between two blackbody spectra at different temperatures, corresponding to the total emission from the hot NS at different times. As a consequence, the net emission does not have a blackbody spectral distribution, therefore a standard blackbody spectral analysis on the net burst emission is not decisive in the identification of the burst nature.
Burst oscillations
Burst-oscillation analysis was conducted using PCA data in Good Xenon mode (for Obs. 95437-01-01-00) and Event Mode (for the following observations), which provide full timing and spectral information. We produced a dynamical power density spectrum (DPDS) computing Fast Fourier Transforms (FFTs) of overlapping windows of data of length 4s, stepped by 0.25s (Fig.5 , second panel from top). As an example we show the DPDS for the case of the first burst observed on October 13th. In the third panel from top of Fig.  5 we show the evolution of the 11 Hz Leahy power (Leahy et al. 1983 ) as function of time for that burst. Here the rise in the pulsation power during the burst is driven by the increase in count rate. The increase is consistent with a constant fractional rms, as shown in the bottom panel of Fig. 5 . We note that no drifting of the pulsation frequency is observed within 0.25 Hz from the best-fitting spin period. Interestingly, while the decay phase of the burst follows the expected exponential profile, the evolution of the power (see 5, third panel from the top) clearly shows a multi-peak structure that does not reflect the decay in the light curve. A similar case in observed in XTE J1814-338 (Strohmayer et al. 2003) . The other bursts also show an increase (although statistically less evident) in the pulsation power. In particular, we observed a stronger power in the 11 Hz pulsations in bursts taking place during MJD 55482 and 55483. Later in the outburst, the increase in power becomes difficult to observe as the bursts become fainter. This effect is likely due to the lack of statistics encountered when the net burst count rate decreases (making detections statistically weaker) as the persistent flux rises. In order to ascertain the phase relation between the coherent pulsations observed during the persistent emission and burst oscillations, we reconstructed pulse profiles over 100 s long intervals before each of the bursts, and over 20s intervals after the bursts' onset. We performed an epoch folding around the best estimate of the spin period (see Papitto et al. 2010 ) for the two intervals, obtaining two pulse profiles that were fitted according to a standard harmonic decomposition. We then obtained the phase difference between the two profiles and studied the variations of the phase difference for each burst as a function of time. Such difference is in general consistent with zero for all examined bursts (Fig. 6) . Considering the uncertainties on the phase estimates we thus conclude that the bursts oscillations originate from a region which is very close to the NS polar caps.
DISCUSSION AND CONCLUSIONS
In this paper we report on the bursting behavior of the newly discovered X-ray pulsar IGR J17480-2446.
The observed spin period and the magnetic field estimated for IGR J17480-2446 (see Papitto et al. 2011 ) place this source in between the population of classical (B ∼ > 10 11 G, P 0.1 s) and millisecond accreting X-ray pulsars (B = 10 8 -10 9 G, P = 1.5-10 ms). This source constitutes therefore a bona fide candidate as link between these two groups, being a slow, probably mildly recycled, pulsar. IGR J17480-2446 is presently the bursting source with the longest spin period observed.
To convert flux into luminosity and fluence into energy, we assumed geometric isotropy of the emission and a source distance of 5.9 kpc. We further express this quantity in units of Eddington luminosity (=1. Figure 7 . Observed (triangles) and predicted (circles) recurrence times plotted in the function of the measured local accretion rate. Error bars related to the accretion rate are not reported for clarity. rate 2 from 0.1Ṁ Edd to 0.37Ṁ Edd (see Fig. 7 ). Consistently with this behavior the bursts become more frequent and fainter.
In this paper we report on the analysis of 107 X-ray bursts shown by IGR J17480-2446 during the first four days of the RXTE monitoring. Since the persistent bolometric X-ray luminosity rises by a factor ∼4 during this interval we were able to study the properties of bursts at different mass accretion rates.
The observed bursts have different profiles in the light curve. The rise time varies between few and ∼20 seconds, while the decay time (τ ) spans the range between ∼20 and ∼100 seconds. The firsts, more intense bursts (MJD 55483 and 55484), show a typical Type-I X-Ray burst profile, featuring a linear rise and an exponential decay following the burst peak. The subsequent fainter bursts present a less clear profile, with rise times in some cases similar to the decay times. For some of the fainter bursts a clear modeling of the profile was difficult because the excursion in intensity above the continuum due to the burst occurrence was comparable with the persistent emission variations.
The pulsation does not show any drifting of the frequency during the decay phase of the bursts. This phenomenon is also observed in bursting millisecond pulsars (XTE J1814 338, ; HETE J1900.12455, Kaaret et al. 2006 ; IGR J17511-3057 Altamirano et al. 2010b ) and can be explained in terms of a non-significant expansion of the NS atmosphere during the thermonuclear combustion. Studying the spectral evolution during the first burst, no photospheric radius expansion is indeed observed (see Fig. 3 ).
Burst oscillations are always phase locked within 0.2 phase units, indicating how the ignition begins in a region not far from the NS polar caps. The radius inferred from spectral fitting for the first and most intense burst is 3.2±0.5 km. Also taking into account the corrective factors to translate this value into a physical size on the NS surface (see below), the obtained radius is compatible, within the uncertainties, with the NS radius.
The recurrence times of X-ray bursts was observed to decrease from 26 min to ≃5 min in anti-correlation with the persistent X-ray flux. The shortest recurrence time so far observed in IGR J17480-2446 is 3.3 min and it is seen in MJD 55487 (Obs. 95437-01-06-00, not considered in this work). The shortest recurrence time previously reported is 3.8 minutes (see Keek et al. 2010) .
The very short recurrence time observed from the bursts shown IGR J17480-2446, together with the unusual spectral and morphological properties, casted doubts on the mechanism powering such bursts. The absence of a significant cooling from all the bursts except than for the first brightest one and the unprecedented observations of long trains of bursts with very short recurrence time led Galloway et al. (2010) to argue that IGR J17480-2446 could be an analogue of GRO J1744-28 in showing Type-II bursts powered by accretion instabilities.
In this paper we have analyzed the bursts shown by IGR J1748-2446 during the first four days of RXTE observations, and we were able to unambiguously measure the recurrence time for a large number of them. We considered the measures of burst fluences and of the persistent flux before each burst and we estimated the ratio of the accretion energy liberated into nuclear energy during the bursts, α = Fpers trec/F burst . The average value we have obtained (α= 96±3) strongly favours the hypothesis these bursts are due to unstable thermonuclear burning of the H/He accreted on the NS surface layer. As a matter of fact, under this hypothesis and assuming that all the available H/He nuclear fuel is burnt during bursts such ratio is expected to be α = Qgrav/Qnuc(1 + z), where Qgrav = GM/RNS = 180 MeV is the energy liberated per accreted nucleon for a 1.4 M⊙ NS with a radius of 10 km, 1 + z = (1 − 2GM/RNS c 2 ) −1/2 measures the gravitational red shift at the NS surface, and Qnuc = 1.6 + 4 < X > MeV/nucleon is the energy released during thermonuclear burning of a mixture of H and He. Here, < X > is the mass fraction of hydrogen which may not be depleted during the stable burning phase in between bursts and therefore burns with He during the flash (see e.g. Galloway et al. 2008) . The average estimate of α = 96±3 we have given for the bursts shown by IGR J17480-2446 is compatible with the burst being of Type-I and indicates < X >=0.22(2) for (1 + z) = 1.31. In addition, despite the lower statistic of the bursts observed at higher accretion rates, the values of alpha coming from the fainter bursts are consistent with the ones found for lower accretion rate regimes (see Fig. 4 ), even though the statistics is not enough to clearly identify fluctuations of the values of α driven by the variations ofṁ. However, the value of α is always close to 96, still indicating the thermonuclear origin as the most probable for all the bursts. It is worth to note that Type-II X-Ray bursters such as MBX 1730-335 and GRO J1744-28 show values of alpha of the order unity ( 1.4, Kunieda et al. 1984, and 4, Lewin et al. 1976 respectively) . Similar reasoning led Chakraborty & Bhatthacharya (2010) and Chakraborty & Bhattacharyya (2011) to question the interpretation of these bursts in terms of accretion instabilities 3 . We thus conclude that the most probable interpretation for such bursts is in terms of helium ignition in a layer still partly composed by H, as the mass accretion rate is too large to deplete it completely during the phase of persistent emission. This conclusion is furthermore supported by the fact that, as stated by Cumming & Bildsten (2000) , for accretion rates 2× 10 −10 Msun/yr (see Bildsten 1998 and references therein), the accumulating hydrogen is thermally stable and burns via the hot CNO cycle of Hoyle & Fowler (1965) . Such a conclusion about the composition of the burst material also fits well into theoretical expectations for local accretion rates 0.1ṁ Edd < ∼ṁ < ∼ṁEdd (e.g. Fujimoto et al. 1981) . The local accretion rate (defined as the total accretion rate divided by the total surface of the NS) onto the NS in IGR J17480-2446 can be in fact estimated from the persistent X-ray luminosity aṡ m ≃ 0.24(A burst /ANS)d 2 5.9ṁEdd , where ANS and A burst are the area of the NS surface and that of the region where the burst is ignited, respectively. Further evaluating the ignition depth from the burst energetics, yign
nuc , one obtains that the expected recurrence time, ∆t=(yign/ <ṁ >)(1 + z), fits well the observed values for Qnuc=2.5 Mev/nucl. The values that we found are reported in Tab. 2 and plotted together with the observed recurrence times in Fig. 7 .
Based on the results presented above, combined with the considerations we made according to Sztajno et al. (1986) (see Sec. 2.1), we believe that the bursts from IGR J17480-2446, despite their unusual properties, are type-I bursts and that the ambiguity in their classification possibly arises from the presence of a blackbody component in the persistent flux and the relatively low statistics of the spectrum during the bursts following the first one (see. ).
None of the bursts of IGR J17480-2446 shows photospheric radius expansion. The accurate knowledge of the distance to Terzan 5 makes the estimate of the blackbody radius observed during bursts very appealing (see e.g. Özel et al. 2009) . A detailed spectral analysis of the brightest burst indicates a blackbody radius of R ∞ app = (3.3 ± 0.5) d5.9 km. Such a value can be translated in an effective radius taking into account the spectral hardening induced by Compton scattering in the NS atmosphere and the gravitational redshift, R = R ∞ app f 2 C (1 + z) −1 . For a color temperature of the order of 2 keV like the one observed, the hardening factor fC was estimated to lie in between 1.33 and 1.84 by Madej et al. (2004) , with the larger values appropriate for NS with a smaller gravitational acceleration at the surface. Further taking 1 + z = (1 − 2GM/RNS c 2 ) −1/2 = 1.31 for 1.4 M⊙ and 10 km radius NS we obtain an estimate of R in between ∼ 4.5 and ∼ 9 km. The larger value is obtained taking a large hardening correction factor which is predicted to be valid for a relatively large NS. Also an uncertainty on the distance of the source equal to 0.5 kpc was taken into account. The resulting measure indicates a radius compatible with the typical values for a NS. We also measured (see Sec. 2.1) the mean apparent radii for selected bursts following the first brightest one (see Tab. 2), applying the same corrections that we adopted for the latter. As one can see, also the measures of the radii coming from the fainter bursts confirms that the emitting region during the thermonuclear burst is consistent with the entire NS surface. In addition, this result is in agreement with the fact that the bursts are phase-locked and that there is no variation in the fractional rms associated to the pulse frequency before, during and after the bursts.
Being the NS in IGR J17480-2446 a pulsar, it is worth to ascertain if the magnetic field is able to confine the accreted matter near the magnetic poles. Papitto et al. (2011) estimated an upper limit on the magnetic field of ∼ 2.4×10
10 G considering the lowest flux at which pulsations have been observed. Following the model described in Brown & Bildsten (1998) it results that a similar field can confine the accreted matter near a 5 km magnetic cap up to a IGR J17480-2446 7 column density of ≃ 3 × 10 8 g cm −2 (see Cumming & Bildsten 2000) . Such a radius is consistent with the vales coming from the spectral analysis (see Sec. 2.1). Considering the relation given above, the column depth at which the bursts of IGR J17480-2446 ignite can be estimated to lie within 0.05×10 , where we have used Qnuc = 2.5 Mev /nucleon. It is thus possible that, if the magnetic field is in excess of 10 10 G, the radius observed during the type I X-ray bursts reflects only a fraction of the NS surface around the polar caps rather than the entire NS radius. Assuming, that the bursts are ignited onto a smaller fraction of the NS surface (A burst ) the estimate of the ignition depth grows by a factor (A burst /ANS) −2 , so that values closer to the critical threshold at which helium is thought to start burning unstably on the NS surface, 6.8 × 10
8 (see e.g. Cumming & Bildsten 2000) are obtained as soon as (A burst /ANS) 0.5. A confinement of the burst ignition region would straightforwardly help in explaining the very short recurrence times observed in between the fainter bursts. However, as noted before, this interpretation would require a magnetic field larger than the one inferred from the observations. For this reason the data coming from IGR J17480-2446 point out the existence of an interpretation problem that cannot be completely solved by the currently accepted model describing accretion and thermonuclear production mechanism.
In a few LMXBs, oscillations with a period of 100-150 seconds (mHz QPO) were discovered and associated to marginally stable nuclear burning on the NS surface (see Heger et al. 2007; Altamirano et al. 2008) . They are observed only in the luminosity range 0.5-1.5 ×10 37 erg s −1 . The small bursts reported here, with a recurrence time between 300 and 1000 s and associated to a persistent luminosity in the range 2.2-7.3 ×10 37 erg s −1 are intermediate between full-fledged type-I X-ray bursts and mHz QPOs, providing an ideal laboratory to study the properties of nuclear burning on the surface of accreting NSs.
The short recurrence time observed in IGR J17480-2446 is particularly interesting not only because it is the shortest observed until now. Type-I X-Ray Bursts with very short recurrence times have been studied before (see eg. Keek et al. 2009 , Galloway et al. 2004 , Boirin et al. 2007 ). Even though different ideas have been put forward to explain this rare bursting behavior, the short recurrence time still remains an open issue in the theory of thermonuclear X-Ray bursts. In particular, the extreme behavior of IGR J17480-2446 puts the source in accretion regimes well beyond the ones currently investigated by the theory of thermonuclear X-Ray Bursts (see Narayan & Heyl 2003 for a detailed study on thermonuclear stability of the accreted matter onto NSs). It is worth to notice that before the discovery of IGR J17480-2446, a maximum of 4 consecutive bursts was observed (see Keek et al. 2010) . IGR J17480-2446 have shown several tens of Type-I X-Ray bursts with the shortest recurrence time ever observed. It has been argued that short recurrence time could be due to multi-dimensional effects, such as the confinement of accreted material on different parts of the surface, possibly as the result of a magnetic field (e.g., Melatos & Payne 2005; Lamb et al. 2009 ). However, this scenario seems to be ruled out for the case of IGR J17480-2446 by the radius measures of the emitting region, which suggest that a region comparable with the whole NS surface is burning during the bursts. In addition, the magnetic field of the source appears to be too weak (upper limit ∼ 2.4×10 10 ) to confine the burning matter in particular regions of the NS surface (see above). Furthermore, magnetic confinement of accreted material would not be a plausible explanation for the short recurrence time of 3.8 min observed for 4U 1705-44 (see Keek et al. 2010 ), which does not show coherent pulsations, but it may show a very soft spectrum, thus indicating a physically weak interacting magnetic field. Also the idea of a burning layer with an unburned layer on top has been investigated. According to Fujimoto (1988) , after the first layer flashes, the second layer could be mixed down to the depth where a thermonuclear runaway occurs thanks to rotational hydrodynamic instabilities (Fujimoto 1988) or by instabilities due to a rotationally induced magnetic field (Piro & Bildsten 2007; Keek et al. 2009 ). Being a pulsar and showing burst oscillations, IGR J17480-2446 belongs to a small group of sources for which the spin period is known and which show short recurrence time thermonuclear bursts (see Keek et al. 2010 , Table 1 ). All these sources proved to be fast spinning NSs with νspin 500 Hz. IGR J17480-2446 is the first NS showing short recurrence time bursts and a low spin frequency (11 Hz). This fact demonstrates that, contrarily to what has been thought until now, fast rotation is not required for the occurrence of multiple-burst events. For this reason, models predicting multiple burst events produced by rotationally induced mixing due to fast spinning frequency should be revised accordingly (see eg. Fujimoto 1988 , Spruit 2002 , Keek et al. 2009 ). Furthermore, the discovery of IGR J17480-2446 and its bursts oscillations demonstrate the fact that a fast spin frequency is also not required for bursts oscillations to be observed. Since the burst characteristics (profile, rise and decay times) and their energetics do not change even in long spin period regimes, we can conclude that the spin frequency of the NS does not affect or only marginally affects the burst production mechanism.
We conclude that thanks to its rare and unique behavior IGR J17480-2446 constitutes an ideal laboratory to investigate in detail the mechanisms that triggers thermonuclear bursts and to test the validity of the theoretical models describing the occurrence of very short recurrence times Type-I X-Ray bursts. 
